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^ (57) Abstract: A method and ^paiatus are provided for performing a medical procedure on a patient, for example a dermatological 
procedure, by use of electromagnetic radiation (EMR) having a relatively low peak power, and in particular a peak powerjow enough 
O so as not to result in a phase change in the heater or chromophore absorbing radiation which would i^ult in a significant reduction 
^ in its absorption, and of relatively long duration which is generally greater than, sometimes significantly greater than, the thermal 
1^ relaxation time of the irradiated tatgeL 
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METHOP AND APPARATUS FOR MEDICAL TOEATMENT 
UTILIZING LONG DURATION ELECTROMAGNETIC RADIATION 

Field of the Lcivention 
This invention relates to methods and apparatus for medical treatments using 
electromagnetic r ad i at ion^ and more particularly to such methods and apparatus for 
treatment where the electromagnetic radiation is applied to a treatment area for a 
relatively long time interval at relatively low peak power. 

Related Applications 

This plication relates to Serial No. 60/177^43, filed January 25, 2000 and 
Serial No. 60/235,814, ffled September 27, 2000. 

Badj^onnd 

For many years, electromagnetic radiation (EMR) jBrom lasers, lamps and other 
sources, including microwave and radio frequency (KF) has been used to treat a variety 
of medical conditions in ophthalmology, dermatology, urology, otolaryngology and otiber 
areas. iPor example in dmnatology, hair removal, treatcnent of various pigmented 
lesions, removal of unwanted vessels, skin resurfecing and the like are current 
applications. For all of tihiese treatments, a chromophore, which may be naturally 
existing in the patient's body or may be introduced into the body, absorbs at least some 
wavelengtti or wavelengths of the applied EMR and is heated as a result of this 
absorption. A natural chromophore can for example be water, melanin, hemoglobin, 
IJrotein, or lipid. An artificial chromophore can for example be dye, mV^ carbon particles 
or magne tic particles. The heating of the chromophore usually results in the destraction 
of an unwanted hair follicle, pigmented lesion, tattoo, blood vessel, etc. to effect the 
desired treatrnent 

However, all existing methods and ^yparatus for optical dermatology present 
problems. First, in most cases, in order to achieve the desired dermatological effect, 
substantial energy must be applied to tiie skin component being treated. Heretofore, in 
order to get sufficient energy to the treated component, it has been necessary to use a 
relatively high peak power optical source, with for exanrple one or more kilowatts of 
peak power generally being required in order to achieve long term hair removaL 
However, since the optical radiation must pass through the patient's epidermis to reach 
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ihe treatment area, and since the epidermis contains melanin wtdch is a chromopliore at 
the wavelengths lypicafly used for hair removal and certa^ such high 

power ^Ked to the skin can resuK in epidermal dainage. While various techniques for 
cooling flie epidermis during treatment have been discussed in the prior art, and these 
techniques do raise the energy threshold at \?rfhich thermal damage occurs, it has been 
found that, winlo these techniques are efiEective for lighter skmned patients, for exa3iq>le 
patients having skin with lower Fitzpatrick skin type classification numbers, they 
fiequenfly do not provide siiflaci«it protection i?^iien treating daricer skiniiedpa^ 
having, for example, Fitzpatridcskm tjpes m-VE, and particularly for dark skmned 
individuals Imving skin types V and VI or tanned patients- This has meant that flie 
benefits of optical dermatology treatments have heretofore not been available to a 
significant percentage of the population, and has limited flie ability to treat e:q)osed, and 
thus firequently taimed, parts of apatient's body, vAnck are the parts on vMch treatqient 
is most ftequCTtly desired. 

Second, the requirement to generate high peak power has required the use of 
large, and relatively e>q>ensive, lasers and other optical sources. For example, to 
generate the requisite peak power using diode lasers, a laser head having as many as 100 
diode bars niay be requked,depCTding to some extent on \vavelen In addition to the 
cost of the diode bars tiiemselves, the use of such a large number of diode bars creates 
serious therma l man a g ement problems, further complicating flie design and increasing 
the cost of the resulting diode laser device. 

In addition, esdsting systems, vvlnch tend to apply enagy to the skin component 
being treated over a relatively short time interval, can result in the explosion of the 
chromophore absorbing the lieali and thus in unwanted side effects, for example 
unsi^itly skin purpura, and in the generation of water v^r v^ch may interfere with the 
efficient transfer of energy and/or heat to tiie component being treated. The process by 
which living tissues undergo thermal damage, including coagulatrve necrosis, is 
described in the scientific literature known to those skifled in the ait, aid 
described hCTe in any detaiL High peak temperature oftJiediromophore can also cause 
chemical reactions v\^ch result in the formationofunwaiited chemical substances. 
These substances can have abad smell, this being a particular problem for hair removal, 
or can cause harm to the patient as a result of ui^jredictable effects of these substances on 
the body. 
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The use of high peak power lasers or other EMR somrces also results in 
dermatology treatments using such apparatus being dangerous in that improper operation 
of the equipment can cause potentially serious injury to a patient's rTHti^ eyes, or other 
portions of the patient's body, and if not carefully operated, can also cause injury to the 
5 person operating the equipment This has resulted in a reqiiirement that most such 
equipment be operated either by a dermatologist or other physician or by a skilled 
professional under the siq>ervision of a doctor. The high cost of the equipment coupled 
with the requirement for treatments to be performed by skilled jrofessionals has resulted 
hi optical or other EMR dennatoiogy procedures being rel^ This, 

10 coupled with the feet that most EMR demiatology procedures are not covered by health 
insurance, has significantly limited the availability of such treatments to the general 
public. Therefore, treatment procedures \^ch botibi sigtdficantly reduce the cost of the 
equipment required and pOTuit treatments to be performed by less highly trained 
personnel could significantly reduce the cost and eohance the availability of optical 

15 dermatology procedures to the genial public. 

It is also desirable to use feedback to control some EMR medical procedures, a 
patient parameter, for example skin temperature, being detected and 
EMR energy, cooling and/or other treatment parameter, or if s^jpropriatB, to terminate 
treatment However, feedback control is not practical with pulses of less than several 

20 ms, and works best with even longer pulse durations, in the order of 1 00 ms or greater. 
Feedback is another technique which permits less trained persomiel to safely operate the 
equipment 

Further, for the EMR dermatology treatments discussed above, the chromophore 
absorbing radiation and being heated thereby and the target to be acted on for destruction 

25 or other treatment generally occupying the same area, the chromophore being the 
treatment target However, there are ^plications in EMR dermatology where the 
treatment target is not a chromophore and a chromophore does not exist in the inmiediate 
area of the treatment target; or in another words where non-uniform absorption exists in 
the target area, part of the target area exhibiting weak absorption or no absorption at all, 

30 \^ilile other parts show significant absorption. In these cases, damage to weakly 

absorbing/nonabsorbing i)ortions can only be achieved by heat diffusion from highly 
pigmented, strongly absorbing portions of a target area, such portions frequently being 
referred to hereinafter as *lieater portions" or simply as ^Tieaters". However, standard 
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theories heretofore used for developing EMR radiadon trealmeiits^ inchiding the theory 
of selective photothennolysis, are only ^licable where the chromophore and 
destruction target occupy substantially the same space and do not provide a reliable basis 
for developing treatmait protocols for target areas having non-uniform absorption 
characteristics, and in particular \^ere the destruction target has little or no absorption 
at the ^jplied wavelength(s) and is spaced from any heater portion. 

Finally, there are EMR treatments vAlctg enough energy cannot be applied to the 
target during a single treatment to effect the desired ther^eutic result without undesired 
side effects, for example epidermal damage. However, with standard EMR treatments, 
the chromophore is generally destroyed during the treatment, so that weeks or even 
months must pass before the chromophore regenerates sufficieixtly for another treatment 
tobeperfonned. It would be fer preferable if two or more EMR treatments could ^ 
performed during a single treatment sesaon, or at least within days of each other, rather 
then within weeks or months. 

Many of the jsroblems indicated above for dermatology can also arise 'v^^en 
performing other EMR medical jjrocedures, including the need to protect the patient's 
epidermis and treatment of targets having non-uniform absorption. 

A need therefore exists for an improved method and apparatus for performing 
optical dermatology and other EMR medical jrocedures v/inch overcomes the various 
problems indicated above, and in particular \^ch facilitates treatment of non-uniformly 
absorbing areas and of dark skmned/tanned patients, which is both less expensive and 
safer than existing procedures, vMdh permits multiple treatments during a single session, 
or closely spax^ed sessions, and vMch fecilitates feedback control of treatments. 

Summary of the Invention 

In accordance with the above, this invention provides a method and apparatus for 
perfonning a medical procedure on atreatment area of apatirat's body, vdiich procedure 
may, for example, be a dermatology procedure such as hair removal, treatment of 
vascular lesions or collagen restructuring for wrinWerernoval orotic The 
method and ^arahis involve applying electromagnetic raidiation (EMR) of an 
^>propriate wavelength from a source of such EMR throu^ a suitable head to the 
treatment area. For preferred embodiments, the EMR is optical radiation, for 
coherent optical radiation from a laso-* or non-coherent optical radiation from a flash 
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lan^manaentlanq,.I^c»:otl^sui^^ Key features of inv^xtion are tbe 

power profile for the applied radiation and the duration for application of radiation to the 
target area. 

In accordance witili one aspect of the invention, the power profile for the applied 
5 radiation has an average power CPa) sufficient to effect the desned result over the 
application duration and a peak power (Pp) which does not result in, destruction of the 
chromophore or heater. The duration of radiation application to the target area is longer 
than the thermal relaxation tune (TRT) of the target area, being long enough for 
sufficient energy for the procedure to be ^plied at tiie power profile to the treatment 
10 area. For this embodiment, the duration of radiation application can be up to 20 seconds 
and more, particxdarly for hyperthermia treatments, and Pp is preferably less thap 500 
watts. For some continuous wave embodiments of tiie invention, Pp and Pa for the 
rad ia tion over the duration of ^>plication are roiighly the same. 
For this invention: 

15 " The EMR wavelength should be chosen to mflvimiVi* r.riTitrR?t between the 

absorption coefficient of the pigmented area or heater and that of the tissue 
surroimding the target area. This postulate is identical to the case of classical 
selective photothermolysis. 

■ The EMRiJower should be limited to prevent the pigmented heater area from 
20 destruction or &om otherwise losing the ability to absorb, but must be 

sufficient to achieve a heater temperature higher than the target damage 
temperature. 

■ The pulsewidth should be made shorter than or equal to the therrnaldaroage 
time (TDT), vAnch can be significantiy longer than the thermal relaxation 

25 time (TRT^ of the target TOT is the time req^ 

damage with sparing of the surroimding tissue. 
For some embodiments, irradiation is ^plied to heat at least one chromophore in 
the treatment area and tiie peak power is selected so as to heat the at least one 
chromophore only to a selected temperature, which;temperature is below that at vAiich 
30 the chromophore undergoes a change which results in significant lose of absorption at 
the applied wavelength or wavelengths. For example, tiie temperature to \?^*dch the 
chromophore is healed may be no more than approximately 100-1 10° C so as to avoid 
v^orization of water in the tissue. For some embodiments, the procedure is hair 
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removal, the chromophore is melanin within a hair shaft of the hair follicle and the 
duration of radiation plication is sufficient for heat transfer ftom the hair shaft to the 
cuter root sheath ofthe follicle to damage stem cells located thereat The chromophore 
may also be another chromophore either located within the hair follicle or introduced 
therein vMch results in the power profile and duration being sufficient to cause 
destruction of stem cells at an outer root sheath of the follicle, a pjqnlla for the follicle 
and/or other critical follicle cells. ^ 

For another embodiment, the procedure is wrinkle removal, the chromophore is 
melanin at the denrus/epidentnis <DE) junction, and the i>ower profile and duration are 
sufficient to heat collagen in the papillary dermis sufficiently to restructure such 
collagen. For still other embodiments, the procedure is destruction of vascular lesions, 
flie chromophore benxg at least hemoglobin or water of the blood in the vascular lesion 
and the duration being sufficiently longer at the power profile for heating and 
denaturation of the wall of the vessel. Water may also be the chromophore for various 
other treatments, including treatments for skin rquvenation or wriidde removal. 

Li accordance with still another aspect of the invention, the wavelength of the 
EMR fiom the source is absorbed by melanin in the patient's epidermis, including at the 
dermis/epidennis (DE) junction, and the power profile and duration are such that heat 
generated as a result of EMR absorption in epidermal melamn can migrate to the rIHti 
surface and be removed concurrent with irradiation, thereby controUmg tempoature 
increase in the epidermis during irradiation. In accordance with still another aspect of 
the invention, the treatment area has a target area with a thermal relaxation time and the 
duration is longer than this thermal relaxation time. In particular, the target area includes 
a heater part or portion ^ch is highly absorbing at the waveleng1h(s) of the EMR 
source and the EMR radiation is ^lied at least to such heater portion of the target area 
for a duration significanfly greater than the thennal relaxation time of the target a^ 
The target area also has a thermal damage time (IDT) ^ch is the time required at the 
^lied power profile for the entire target area to reach a thermal destruction 
temperature, and the duration of the optical radiation is substantially equal to such TDT. 

More specrficallyj the duration-oftiie optical radiation (T) is equal (TDT-5) 
v^hexc 6 is roughly the propagation time for flie fit)nt of the heat fix)m the heatcar portion 
to a non-heater portion of the target fiirthestfixmi the heater. TDT and TRT may be 
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related such that TOT = lllT-r(x, A), where X ^ 

temperature fector. More specificaUy,x=d2/di, where di === size of heater portion and 
= size of total target; and A - (T2-To)/(Ti-To) where To is target and heater temperature 
before iiracKatioii, Ti is the heater temper^^ 
5 irreversible thermal danoiage of the target area generally occurs. Where the target is a 
hair follicle, and the heater includes a pigmented bflir shaft or hair matrix in the follicie, 
TOT is the time required for heat to the thermal destruction temperate 
sheath of titie follicle. Similarly, vAier^ the target is a blood vessel, and the heater 
includes blood in the^ blood vessel, TOT is the time required for heat to the thermal 

10 destniction temperatmre to reach through walls of the blood vessel in^&^ 

Where the target is collagen in the p^illary dermis, and the heater is melanin at the DE 
junction, TDT is the time required for heat at the thermal destruction temi)erature for 
collagen to reach a desired depth in the papillary dermis. For substantially aU 
£q>iplications, the jjower profile should be such that, at TOT, the entire target area is at a 

15 temperatmre of at least the themial destraction temperature, but substantially no tissue 
outside the target area is at or above the thermal destruction temperature. 

To Tnaximize ©tiergy or power delivered to a target inside a patient's body, it is 
generally desirable to cool the patient's skin in an area ova: the target area to remove 
heat from at least the patient's epidermis. Such cooling may be active cooling, for 

20 example having a chiUed plate, lens, waveguide or the like in contact with the patient's 
^ skin, applying a cryogen spray to the patient's skin, gas/Uquid flow across skin sur^e or 
other known contact or non-contact active cooling techniques, or may be passive, relying 
on heat diffusion from tiie skin sur&ce. 

In accordance with another aspect of the invention, the power profile of applied 

25 radiatioii results in heating of the heater to a temperature T\sAich is greater than tte 

thermal destruction temperature for at least a portion of the target to be damaged, but less 
than a collapse tempCTature at T^ch the heater portion undergoes a change which results 
in significant loss of absorption at the at least one wavelength. The heater part of the 
target area may be a naturally-occurring chremophore in the patient's body, or may be an 

30 artificial chremophore introduced to the target area. Where tite medical procedure is hair 
removal, the heater may include ahair shaft or hair inalrix in the hair follicle \^ch has a 
collapse temperature ofxtp to 250** C, the radiation duration in tins case being up to 
approximately 20 seconds. Where the medical procedure is removal of vascular lesions 



wo 01/54606 



) 



) 

PCT/USOl/02511 



-8- 

or collagen remodeling, the duration of radiation application may, for example, also be 
xqp to ^proximately 20 seconds. 

In accordance with still another aspect of the invention, tiie target area includes at 
least one highly absorbent heater portion and at least one non-heater portion having weak 
5 absorption to no absoiption, the at least one non-heater portion being spaced to v^ 
degrees from the at least one heater portion. Electromagnetic radiation from a suitable 
source is applied to at least the heater portion(s) of the target area, the radiation including 
at least one wavelength highly absorbed by the heater portion(s) and having a power 
profile vMch heats the heater portion(^ to a temperature T greater than the Ihemial 

10 damage temperature for the portion(s) ofthe target area to be damaged, but less than the 
coll^>se temperature at \^diich heater portion(s) undergo a change \^^ch results in 
significant loss of absorption at the applied at least one wavelength, the radiation being 
applied for a duration sufScient with the power profile to permit heating of substantially 
allofthetargetareafi-omtheheaterportions to a temperature sufficient to accomplish 

15 the medical procedure. Where there are a plxiraHty of target areas in an fi5)«tuiebemg 
irradiated by the optical radiation, each of which areas is of a size d2, and the centers of 
the target areas are spaced by a distance da , the ratio of fluence Fns at wbich damage 
outside the target areas occur to fluence Fs at vMoh selective damage of a conq)lete 
target area occurs is FNs/Fs^Cds/da)^ where n is dependent on target shai^^ Theratio 

20 Fns/Fj has been found to drop significantiy for Y=d3/d2 < 5. 

In accordance with still another aspect of the invention, tiie wavelength utilized, 
in addition to being appropriate for the medical procedure being performed, is also 
absorbed by melanin in the patient's epidermis, including at the DE junctioru In this 
case, the EMR has a powCT profile and duration vMoh are suflBcient to effect the medical 

25 procedure and are such that heat generated as a result of EMR absorption in the 

epidermal melanin can migrate to the skin surface and be removed concurrent with 
irradiation, thereby controlling tCTaperature increase in tiie epidermis during irradiation. 
Active cooling may be £5>plied to the skin surfiice to fiicilitate tiie removal of heat 
therefixmi. 

30 In accordance with still another aspect of the invention, the power profile is such 

that the temperature of the heater is maintained substantially constant for the duration of 
EMR application. Tliis power profile iiiay for exanq)le result in an optical power ^vsirich 
decreases substantially exponentially for the EMR duration. 
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The foregoing and other objects, features and advantages of the invention Avill be 
apparent in the following more particular description of preferred ^bodiments of the 
invention as iUustrated in the accoinpanying dra\vings. 

5 Brief Description of flie Drawings 

Fig. 1 is a schematic representation of a portion of a patient's sVtn and of a 
system suitable for practicing the teachings of this invention positioned adjacent thereto; 

Fig, 2 is a diagrammatic representation of a biological target with a spaced 
chrbmophore/healief aiid target are 
10 Figs. 3a and 3b are diagrams illustrating optical power versus time and 

tenQ>erature versus time respectively for a rectangular ElvlR pulse mode, while Figs. 3c 
arid 3d are diagrams illustrating powier versus time and temperature versus time for a 
rectongular tempierature pulse mode respectively; 

Figs. 4a-4c diagrantmiatically illustrate three geometrical shapes, namely, plane, 
15 cyliiidrical and sphOTcal, req)ectively, 

Figs. 5a and 5b are diagrams illustrating temperature versus location for the 
rectangula r EMR pulse mode and rectangular temperature pulse mode, respectively, at 
different times. Fig. 5c being a cross-section through an illustrative hair follicle; 

Figs. 6a-6c are diaj^rams showing the ratio of r (x. A) — TDT/TRT as a flmction 
20 of a geometrical factor x for two heating modes for a plane target, cylindrical target and 
spherical target, respectively; 

Fig. 7 is a diagram of temperature versus position relative to a hai^ 
cylindrical target for different temperatures of the liair sha^ 

Fig. 8 is a chart showing calculated temperature distribution as a function of 
25 depth for a cooled surface (10*C) and a laser pulse dmration of 1 second at roughly 1 50 
J/cm^l ' " ' ' '^'''■'''■■--'^ 

Figs. 9a-9d are charts illustrating temperature versus depth for pulse durations of 
3 ms, 10 ms, 100 ms and 300 ms, respectively; 

Figs. lOa-lOc are diagrams illustrating the dependence of pulse width to hair 
30 shaft diameter for various densities of hairs; 

Fig. 11 is a diagrarniUustrating the relationship ofpulse power and duration for 
various hair and skin types; 



wo 01/54606 



PCT/USOl/02511 



-10- 

Fig. 12 is a diagrammatic representation of an ideal model for cylindrical targets 
with equal spacing; and 

Figs. 13a and 13b are diagrams illustrating the dependence of themial destruction 
time, fluence Fs required to produce selective damage and Fi®, the flnence required to 
produce imselective tissue damage on the density fector for the targets. 

Detail^ Description 

Fig. 1 is a schematic represratation of a patient's skin 10 and of an exemplary 
system 12 for applying electromagnetio radiation (EMR) to the patient's skin for treating 
a variety of medical conditions. The skin 10 consists of a dermis 14 covered by an 
epidenhis 16, there being a dermal epidermal (DE) junction 18 at the intersection of 
ftcse two skin layers. Epidermis 16 is generaUy relatively 1hin,e3ctending perhaps 30 to 
20 0 microns from the skin surfece, while the demais 1 4 is thicker, extending on average 
^^ximatelytwotofivemmfromtheDEjmiction. Kgmentation, \y^ch determines 
fhe color, and in particular the darkness, of a person' s skin is contained primarily in 
epidermis 1 6 in flie form of melanin \;vhich exists primarily on the epidermis side of the 
DE junction, but, particularly for darker skinned individuals ^iicluding tanned 
individuals), also exists throughout the epidermis. The darkness of a person's skin is 
frequently quantified on a Fitzpatrick scale, vMch ranges from I for very light skmned 
individuals to VI for very dark-skinned individuals. 

There are many components within the skin on\^inch EMR dermatological 
procedures may be performed. These mclude hair follicles 20, blood vessels 22, collagen 
24 mthe papillary dermis, etc. Hair follicles 20 may for exanq)le be irradiated to remove 
unwanted hair, for example fecial or leg hair on women, and may in some cases also be 
irradiated to stimulate hair growth, llie mechanism for stimulation can be soft reversible 
damage of the follicle matrix to stimulate blood delivery to tiie p^illa. Treatment may 
also be performed to remove blood vessels 22 or other vascular lesions, ^ch may 
mclude leg veins, spider vehas, varicose veins or othar blood vessels ^wbich either cause 
discomfort to ttie patient or \^^ch are consider unsigjrdy and the removal of \^*dchis 
deisired. Collagen 24 may be non-invasrvely remodeled, existing collagen being 
destroyed to fedlitate regro wth of new collagen, for wrinkle removal and otiier purposes. 
The teachings of this invention may also be used for other dermatological treatments and 
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for certain subdennal treatments, jsuch as fet removal, acne (sebaceous gland) treatment 
oir for otihier medical procedures nbnxially performed by selectively applying EMR of an 
appropriate vraveldigth to a selected treatment Wa^ 

Apparatus or system 12 illustr^ 
system or apparatus for flying EMR radiation to a trealinent area of a patient 
Appiaratus 12 includes a source of EMR 28, an £5)plicator 30 through \^ch the EMR is 
applied to the skin of the patient^ a medianism 32 \^ch as shown operates in 
^ cdhjunction with applicator 30 to remove heat from the surface otifie patient's glHn^ or in 
other words to cootat least the epidermis of the patient, and controls 34 which operate in 
accordance with the teachings of this invention to control, for example the power profile 
and/ox duration of EMR from source 28 and/or to control applicator 30 to achieve a 
desired power profile, wavelength profile and/or duration for EMR ^lied thereto from 
source 28 and to control component 32 as required to achieve a desired cooling of the 
patient's skin. 

EMR source 28 may be any of a variety of EMR sources currently or hereafter 
used or developed for EMR medical procedures, including various types of lasers, jfor 
example solid-state lasers and diode lasers, fiber lasers, flash lamps, filament lamps and 
other sources of incoherent optical radiation, a microwave source, an RF source, etc. 
When EMR source 28 produces radiation at one or more wavelengths, or wideband 
radiation, either of \^ch includes wavelengths which are not desired for a particular 
treatment, source 28 and/or applicator 30 may include filters, wavelength shifters or 
other appropriate components to eliminate undesired wavelengths and/or to enhance 
desired wavelengths. 

Fxjrther EMR source 28 may be a pulse source \?sdiich remains on for a selected 
duration, may be a source vMch generates a sequence of pulses in rapid sequence, with 
short spaces between adjacent such pulses; such sequence of pulses'^being generated for a 
duration which is equal to tiie desired duration for the EMR signal, or may be a 
continuous wave (CW) signal, such CW signal being either contmuously on or a 
sequence of short pulses of the type indicated above with small spaces between adjacent 
pialses. The power supply can also control the power profile of the EMR to obtain an 
optimum pulse sh^ wtdch maxunizes heating of the target and minimizes overheating 
of tile epidermis. A CW source and/or the ^plicator 30 used therewith may be moved at 
a selected rate over a treatment area; so as to provide a selected dweU time or puk^ 
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duratiou ovesr each target area. Thus, yAisa the tenns "pulse duratioa" or **signal 
duration*' are used herein, such terms should be interpreted to mean the total dwell time 
of any of the above EMR signals on a selected target area or portion thereof 

EMR &om source 28 is ^lied through a suitable conduit 36 to applicator 30. 
5 For example, \^dle^e source 28 is a source of optical radiation, conduit 36 may be an 
optical fiber or bundle of optical fibers. Alternatively, applicator 30 may be a radiation 
delivery head having EMR source 28 physically mounted therein. Other arrangements 
known in the art for delivering EMR radiation &om a source to an applicator may also be 
utilized. _ 

10 While appUcator 30 is shown in Fig. 1 as being in coiitact with the patient^ 

and for most applications an jqyplicator in contact with Ihe patient' s skin is preferred, tins 
is not a limitation on the invention, and in some qjplications a non-contact ^jplicator 
may be used, either with passive cooling, cryogenic spray cooling, etc., the specific 
applicator utilized varying with applicatioiL For example, \;^ere the applicator is also 

1 5 being utilized to cool or remove heat firom the skin surfece, good thftrm^i contact is 
clearly preferred. Contact may also pemiit more efficient transfer of radiation into the 
patient's skin and may fecilitate retro-reflection of radiation \sduch, as a result of 
scattering in the skin, leaves the skin and is reflected backby the head toward tiie 
treatment area. Depending on the nature of the radiation ^plied, applicator 30 may be 

20 stationary over a treatment area for the duration of a given EMR pulse or signal or, 

^?^^e somce 28 is a source of C W radiation, applicator 3 0 may move over tiie skin at a 
rate so that the dwell time of the radiation firom the sjjplicator over each portion of the 
treatnient area is equal to the desired duration of the EMR signal. Applicator 30 may 
also determine or control the aperture size for the applied radiation. 

25 Mechanism32inay beany of a variety of components known in the art for 

cooling or removing heat firom a patient's skin. For exanq)le, applicator 32 may be a 
waveguide, lens or plate of s^hhre or other suitable material througb tiie 
radiation is applied to the patient's skin, tiie material of the waveguide/lens/plate having 
good heat transfer properties and being cooled by a thermoelectric device 32 being in 

30 contact therewith or by passing a cooliiig fluid, for exanq)le a cryogem 

etc., over the waveguide/lens/^late eiflier i)eriodicaIly or continuously in manners known 
in the art. Appticator 30 could also be a block of a metal or other material having good 
heat transfer properties with open channels through ^vdnch radiation is applied to the 



wo 01754606 



PCT/DSOl/02511 



- 13 - 

patient's skm, the block being cooled using one of the techniques previously indicated. 
For some embodiments, con^onent 32may be utilized to first heat the person's skin to 
the depth at which treatment is to occur and then used to cool the epidermis i>rior to 
irradiatiion. (See for example co-pending application Serial No. 09/078,055, filed May 
5 13, 1998, the content of v*dch is incorporated herein by reference, for a more detailed 
discussion on metal block applicators aiid the preheab^precoo^^ However, the 

teachings of this invention nmy eliminate the need for ^ra^ 

Controls 34 may be manually operated, but preferably include a microprocessor 
or oflier suitable processor programmed to control the operation of EMR source 28, 

10 ^licator 30, and cooling component 32 in the manner to be hereinafter discussed to 
achieve a power profile and duration for the applied radiation \^ch conform to the 
teachings of this inventioDu Controls 34 may receive selected inputs &om source 28, 
applicator 30, temperature mechanism 32 and/or other components indicating such things 
as tem5>erature of various system components and/or of tiie patient's rHti 

15 As indicated earlier, there are at least two situations where conventional EMR 

dermatoidgy treatments are not effective. These situations are (i) vsdiere the patient has 
dark skin, for example, patients with Fitzpatrick's sldn types V and VI; and Qi) v/heie the 
treatment area has non-uniform absorption characteristics such that a heater portion of 
tile target area having high absorption at tiie ^plied EMR absorbs energy from the EMR 

20 and is heated thereby, tiie heater portion being spaced from portions of the target which 
absorb little or no EMR at the applied wavelength, biit \;s4uch are to be thermally 
destroyed or otherwise thermally treated. In the fomaer situation, in accordance with the 
teachings of Ibis invention, it has been discovered tiiat when the EMR. is applied at 
relatively low powCT over an extended tune interval, heat prodiiced ^ 

25 absorption by melanin in the epidermis has time to move to the ysHp surface and be 
removed, particularly if the skin surfece is actively cooled, this parallel cooling of the 
epidermis during EMR irradiation of the target area permitting treatment to be effected 
without causing damage to the patients epidermis, even for patients having Fit2patrick's 
V and VI skin. In the second case, in addition to the paraUelcooliiig effect indicated 

30 above, the relatively long duration EMR signal also permits time for heat to dijBRise from 
heater portions of the target area to the non-pigmented portions of the target to achieve 
the desired thermal destraction or other treatment of such non-pigmented portions. 
However, since the heater must remain intact to permit heat dif&ision tiierefrom for tiie 
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period required for heat to the desired temperature to dijBfuse to the non-absorbing target 
portions, the energy ^lied to the heater must, at least for the required pulse duration^ be 
below the threshold at \^ch the heater undergoes a phase change or transition which 
results in a signijBlcant loss of absorption at the EMR wavelengths, for example as a 
5 result of bleaching, melting, boiling, bubble formation or other destructive process on the 
heater. Thus, as discussed in fc greater detail later, the invention involves t^^ 
EMR signals of relatively low peak power delivered over a relatively long duration in 
order to achieve the objectives indicated above. Such low peak power, long duration 
BbAR signals also pennit use of lower cost EMR sources and, by pennitting much lower 

1 0 power EMR sources to be utilized, are fer safer to use^ pennitting in some instances 

further cost reductions by having treatments performed by less highly skilled and trained, 
and thus less expensive, individuals. Since the chromophore remains intact, even when a 
treatment is completed, multiple treatments may be performed during a single treatment 
session or within days of each other to permit safer, more effective treatment The 

15 extended time interval of the treatment also &cilitates feedback control. 

While in the discussion to follow, the long duration EMR signals are sometimes 
referred to as '^pulses," it should be imderstood, as indicated earlier, that long duration 
EMR signals in accordance with the teachings of this invention may be obtained in at 
least three different ways, Fhst, the EMR signal may be applied as a single pulse of the 

20 desire duration. Siichapnlsenmy for exariq>le be adueved by operating EMR source 28 
for the prescribed duration, by using a shutter to pass radiation from the source to the 
target for such duration or by other tedbniques known m the art When Ihe EMR source 
pulses on and off at a relatively hig^rate, such sonrce may be used as long as the 
maximum spacing between adjacent pulses is very short relative to the EMR duration 

25 and the average power of the pulse train for the duration of the EMR signal is sufficient 
to effect the desired treatment The latter condition is necessary in order for requisite 
power and energy to be achieved wilhout requiring a higih peak power source. The third 
way in which the EMR signal duration may be achieved is to use a continuous wave 
(C W) source, which source may be a high rq)etition rate, high duty cycle source of the 

30 ' type i ndica t ed for the second optioni and passing tiiis source over the treatment area in 
for exauiple the manner in d icated in co-pending Application Serial No. 09/078,055 filed 
May 13, 1998, the signal duration in this case bdi^ the dweU time of the CWsign^ 
source over the target area. For this embodiment the head delivering the EMR energy 
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would be moved at a much slower rate then for embodiments where the teachings of this 
invention are not practiced. 

Coiisidering first the objective of achieving more effective parallel cooling so as 
to be able to more safely treat all patients, and in particular to be able to safely treat HarV 
5 skinned ^eluding tanned) patients, tiie problem with daik-skinned patients stems from 
the feet that for all patients fliere is some melanin concentration in the epidermis , at thp 
dermal/epidermal (DE) jtmctioiL The melanin concentration in this area increases for 
dazker skinned individuals, and, as skm color darkens, melanin tendi to increasingly 
^pear tiiroughout the epidermis; For very dark skinned patients, for example patients 

10 with skin types V and VI, there is significant melanin concentration at the DE junction, 
with lesser amoimts of melanin throughout the epidermis. Thus, for treatments at a 
radiation wavelength ^^*ich is preferentially absorbed by melanin, for example hair 
removal treatments where melanin in the hair shaft, hair matrix and other portions of the 
follicle is being targeted, significant heating of epidermal melanin can also occur, 

15 making it dijBScult to perform such treatments on daik skinned individuals, Thijs, while 
heat from melanin absorption in the epidermis can migrate to the skin surfece to be 
removed, either by air, by evaporating cryogen on the skin surfece, by a cooled elernent 
in contact with the skin surface, or by other suitable means in as little as 0.1 milliseconds 
for melanin near the surfece of the epidermis (melanin being near the surfece at the 

20 epidermis for dark skinned individuals and/or for skin areas having an exceptionally thiti 
epidermis), it typically takes at least 10 ms for heat from melanin at the DE junction to 
reach the skin surfece, and generally takes significantly longer. It has been found that for 
optimal parallel cooling, parallel cooling being defined for purposes of this invention as 
skin cooling which occms as a result of heat escaping from the skin's surfece during 

25 irradiation, a radiation duration of at least 50 ms, and preferably 100 ms or more, is 
required. 

In particular, while the time required for the front of the heat to flow from the DE 
jxmction to the skin surfece may on average be approximately 10 ms, the epidMmis also 
has a finite capacity for transferring heat pCT unit time. Thus, while some heat will be 
30 dissipated from the DE junction tbroxigh the mechanism of parallel cooling with an 

irradiation duration of 10 ms, the epidermis does not have the capacity to remove most of 
the heat accumulated in the melanin at the DE junction during this time interval. It has 
been found tiiat in order to hold down the temperature at the DE junction, low peak 
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power irradiation for a duration of at least 100 ms is noimaUy required, tbis duration 
being sufadent for liie heat removal c^jacily of the epidermis to permit suffident heat 

transfer to the skin surfece so as to assure against overheating of lie epidermis in 
general, and the DE junction in particular. Longer durations for the ^Ked irradiation 
and/or more aggressive active cooling of the skin surfece can further reduce or even 
eliminate heat rise in the epideraiis, thereby enhancing both safety and patient comfort 
for EMR medical treatments in general and for optical dermatology treatments in 
particular. 

With such long pulse durations, and -with tiie lower peak power sources which 
may be utilized to deliver a desired energy to the target or treatment area with such long 
treatment times, it has been found that all types of skin, including skin types V and VI, 
may be treated safely without incurring thermal damage to ihe qpidermis. 

Further, the lower peak power required, particularly for pulse durations in excess 
of 100 ms, and in some cases in ranges up to several seconds, for example up to 20 
seconds and more, pemiits optical sources having a peak power in the lOO's of watts 
range, for exanq>le 100 to 200 watts, to be utilized, and possibly even less, permitting for 
example an 800 nm laser diode head having only one to three laser diode bars, as 
opposed to 10-100 bars for shorter pulse, to be utilized. Similar improvements can be 
obtained at other wavelengths. In some plications, this may even permit the EN4R 
source to be a standard incandescent Ught bulb or other standard light source (for 
exanqjle, even ^ sun), propriate filtering or wavelength shifting sometimes being 
required or desirable when such wide-spectrum sources are utilized. As is discussed in 
greater detail later, in some appUcations ^!i*cre low power sources are utilized, exposure 
times in fte range ofmhmtes, or in some cases hours, may be piopriate. Thelowpeak 
power, long pulse duration treatment protocols discussed in this paragr^jl5)eimit optical 
dermatology procedures to be performed with smaUer, Hghter and significantly less 
expensive equipment, and also significantly sinq)lifies thermal management problems, 
finther redudng equipment szb and cost 

Anoflifir significant advantage of utilizing the low peak power, long pulse 
technique of this mvention is.that its safer for tiie patient In particular, while prior art 
systems can, if not properly utilized, cause damage to the patient's skin or, used to 
treat for exanq)le wrinkles or hair on a patient's face, hme the potential for causing eye 
damage or damage to other organs oftbc patient's bo<fy, fliie potential for harm to flie 
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patieat as a result of improptt use of the treatment apparatus is significantly reduced 
wheaa low peak power optical somces are utilized. Potential injury to flie operator is also 
significantly reduced. Further, the low peak power, long dilation pulses allow sufBcient 
time for the condition of the patient's skin or other treatment parameters to be monitored 
5 and utilized to control treatment parameters, for example EMR power and/or cooling, 
and to te rminate treatment in the event a dangerous condition is detected before skin 
damage occurs. Such feedback control and protection are not practical with the short 
pulses currently utilized. Thus, while current techniques require that the treatment be 
perfomied either by a dermatologists of other physician, or at least by a highly skilled 

10 technician under the si5)ervision of a physician, the low peak power apparatus \?s^ch 
may be utilized in accordance with the teachings of this inventi^^ 
removal, skin resurfecing and other dermatological procedures to be performed by less 
highly trained people, and possibly by cosmologists, barbers and the like. Home use 
may even be possible, particularly if power is reduced so as to provide only '*hair 

15 management," for example functioning as a long term razor, rather then permanent 
removal This, coxxpled with the potential for significantly lower cost equipment, will 
draxnatically reduce the costs of such optical dermatology treatments, making them 
available to a far larger population. 

In addition to the advantages discussed above \?^ch arise firom the use of low 

20 power, long duration EMR signals for performing EtAR dermatology, sudi signals are 
also useful vdiere the target area has non-uniform absorption of radiation for the 
wavelengths of the applied EMR signal. Such non-uniform absoiption, vMch is 
common for the human skin, means that within a given target area there are i>ortions 
which are highly absorbent at the wavelength or wavelengths of the EMR source and 

25 there are portions in the target area which are either weakly absorbent of such radiation 
or totally non-absorbent Where a dermatological treatment reqxiires thermal destruction 
of such non-absorbing or weakly absorbing portions, such result has not been possible 
with prior art high peak power, short duration EMR signals, fi-equentiy resulting in less 
than ideal results for various dermatological treatments including, but by no means 

30 limited to, hair removal, elimination of vascular lesions and skin resurfacing through 
collagen remodeling^ 

However, the low power, long duration signals of this invention are capable of 
eflFecting such treatments. More specifically, tiie procedure using a pulse duration 
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T < TRT becomes inapplicable \^en the target and the chiomophoie or heater are 
spatially separated or ttie absorption of the target is non uniform over its volume, and the 
treated part of flie target has weak or no absorption, but another part of the target has 
significant absorption. If this is the case, tiie weakly absorbing part of the target has to 
5 be treated by tihie diffusion, radiation, convection or other transfer mechanism of heat 
&om the strongly absorbing heater part For example, for permanent hair removal, in 
accordance with currrat knov^dedge, it is necessary to damage all follicle structure up to 
the connective tissue sheath or the stem cells located in the bulge area at the outermost 
layer of the outer root sheath. Damage or destraction of follicle matrix and/or papilla are 

10 also desirable for hair removal. The heaters with high absorption of ligjit are the 

melanin-containing hair shaft and matrix cells. But the targets to be danaaged include 
stem cells andothCTfolHctilar structares suchasthep2q)illa1^ 
chromophores. These targets can be dainaged by heat diffiision jfem the hair shaft o 
inatrix cells to the surrounding folUcular stmctures thM do not contain ^ 

15 chromophore. In order to accomplish this, the hair shaft or other diromophoremu^ 
continue to absorb for the entire pulse duration and must not become thermally isolated 
from the remaindCT of the follicle \^diich is to be damaged or destroyed. 

Another exanople of spatially separated target and heater/chromophore is the 
treatment of telangiectasia, or leg veins. Permanent closure of the vessels probably 

20 requires coagulation of the vascular walL hi this case the heater is blood, due to the high 
absorption ofhemoglobin and/or water. Coagulation of the wall requires heat diffiasion 
ftom the blood into the walL 

When properly controlled, this treatment procedure can be used to safely deliver 
a clioically-effective thermal dose to a prescribed region surrounding the light-absorbing 

25 chromophores or heaters to cause a thermal lesion or a volume of denatured or 

coagulated tissue as required, vMie avoiding an absorption degrading change to the 
chromophore. This assumes that the chromophore used (e.g., water, melanin, 
hemog^Lobin) has a higjier threshold for thermal damage than the surroundiog tissue, and 
that the energy delivered is such that it does not cause Ihc chromophore to explode or be 

30 otherwise be altered so as to lose or degradeits ability to absorb radiation. 

The thermal dose is calculated according to formulas known to those skilled in 
the art, and is an Airiienius integral of the ^lied temperature over the time of treatment 
The boimdaries demarcating treated tissue from imtreated heaMiy tissue outside the 
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treatment volume are sharp due to the Arrhenius nature of the thermal dose delivery, 
such that tissue outside the treatment volume receives less total thermal dose than that 
lying within the treatment volume. It should be noted that the treatment volume may 
extoid beyond the region being irradiated, and depends on the properties of the 
5 irra di a ting source as well as the tissue properties. Additionally, cooling by external 

mrans (e.g, parallel cooling) or internal means (by thennsd dijSiision or blood perfusion) 
affect the final outcorne of the treatment, and in particular heating outside the treatment 
volume or target area, for example epidermal and possible dermal tissue above the target 
area. 

10 Thermal damage of such types of targets requires heat deposition of sirfiBdent 

power in the heaters, and good heat transfer from the heaters to the targets. Heat 
depo^tion depends on the coefficient of absorption of the targets and the power density 
of the EMR within tibe tissue. Heat transfer depends on the distance betweCTi the target 
and the heater and the heat transmission coefficient of the tissue. However^ at a 

15 sufficiently idgh tranperature, both the absorption coefficient of the heater and the heat 
transmission coefficient from the heater to the other targeted tissues rnay be 
compromised by phase transition and destructive processes like bleaching, melting, 
boiling, and bubble formation for the heater, and possible for tissue adjacCTit the heater. 
To prevent these undesirable effects, the peak temperature of the heater has to be limited 

20 by a prescribed maximum value, Timax, called hereafter the 'Ixeater colla5)se 

temperature." Simultaneously, to ensure the permanent damage of the \^*ole target, the 
temperature should exceed some Tninimnm prescribed value, '*fhe thermal damage 
temperature," T2, over the target volume. The latter temperature is smaller than the 

■i^.'A • .... 

coUapse temperature. The temperature witiiin the tissue between tfee target and the 
25 heater should be below the boiling temperature of water to prevent thermal isolation of 
the target from the heater and otha: adverse effects. To meet the temperature limitations 
above, the power of the EMR should be controlled, and tiie pulse width has to be 
sufficienfly long to deliver the energy needed. The thermal damage time (TDT) of the 
target is the time for the target temperature to exceed T2 for a duration sufficient for 
30 irreversible target damage withnnt HflTnagir^g the ff^irro^rndTt^g tiffffue TDT is thus the 
time to generate a temperature T2 at the target by heat diffusion from tiie heater to tiie 
target. Because tiie temperature gradient is not sharp, part of the heat will leak from the 
target, resulting in the heated area being larger than the target Nevertheless, TDT may 
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be many times as long as TRT of the v/holo taiget "wbSle still achieving selective damage 
ofthe target vvith sparing of the surrounding tissue. The optimum pulsewidthxo of the 
EMR pulse should however be slightly shorter than or equal to TDT. 

The mechanism for selective damage of the target by heat difiEusioii is illustrated 
inFig« 2y iMs mechanism relating to ther^eutic and medical treabnents using 
electromagnetic radiation to selectively damage targets that are spatially separated from 
the light absorbing chromophore. In Fig^, the distance between the heater and the target 
is A Photons from an EMR source are absorbed by the heater. The EMR power density 
and pulse length are established so that the temperature of the heater Ti should be below 
the thermal damage threshold Timax of the chromophore. Heat is transferred from the 
heater to the tairget by thermal diffusion or another mechanism such as by shock waves 
or steam. 

Confined thermal damage of the target is achieved wbisa the temperature of the 
target reaches T2, but the external surrounding tissue remains below tha^ 
This thomal damage temperature T2 depends on the duration and the shape of the 
heating pulse. For proteins, T2 is between 42-80**C, depending on the dwell time (i.e., 
determined by Arrhenius integral). It is usually not possible to damage the target without 
damaging the tissue between the target and the heater. After the end of the EMR pxilse, 
the temperature of the target wiU continue to ri.qe tn a mayiTrtm-n ?5rtm^. timfi latgr. The 
time delay between the end of the EMR pulse x and moment of peak temperature of the 
target, that is TDT, is denoted by 5 (Le,,T = TDT-5). The pulse width should thus be 
equal to or shorter than the TDT, 5 being significanfly shorter than the TDT inmost 
cases. Therefore, the piikewidfh for selective treatment may be considered to be e^ 
TDT(Le.,T = TDT). 

As a first example, a target that is a Mghly pigmented long cylinder with diameter 
d] surronnded by a treatment area with diameter d2 (Fig. 4b) is considered, this model 
representing, for example, a hair follicle or a blood vessel Two modes of heating are 
considered. The first mode is a 'Rectangular EMR pulse** O^ig- 5a), and the second mo^ 
is a "rectan g ula r temperature pulse** (Fig. Sb). In the case ofthe rectangular EMR pulse, 
the tenq)erature of the heat^ rises during the EMR pulse, and reaches Ti at the end ofthe 
pulse (Fig. 3b). the case ofthe rectangular teri5)exature pulse, the ten^erature of ti^^ 
heater is constant during the EMR pulse (Fig. 3a). For bofli modes of heating, the 
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temperature of Hie healer is below the collapse temperature Timax, so absorbmg 
properties of the of heater are not changed. 

The sequence of thermal profiles during heating of the heater is depicted in 
Figs. 5a, 5b for the first mode and second mode of heating respectively, these profiles in 
the target and surround tissue being at different moments. The illustrative parameters for : 
these profiles are di = 70 jam, da = 210 pm, coll^se; temperature Timax^ lOOfG, 
corresponding to the boiling temperature of water, tissue dan^ge temi>erature (Ta) = 
7p^C, associated with temperature of denatmMon of proteins for pulsewidths in the 
range 10-1000 ms. The lower curve in both figures is the temperature profile at a time 
equal to the thermal relaxation time of the target (i.e. TRT==d^/16k) where k is thermal 
diffiisivity of the tissue; k=0.1mm^/s, TRT=27.5 ms for the illustrative profile. At TRT, 
the temperatuxe on the boundary of the target is significantiy below the thermal damage 
temperature. The vpp&r curve in both figures is the temperature profile at TDT when the 
target temperature reaches the damage temperature T2. At this moment, the target is 
damaged, but the surrounding tissue is not For the illustrative profiles, TDT=1 600ms 
for the rectangular EMR pulse, and TDT=360ms for the rectangular temperature pulse. 
From Figs. 5a, 5b, it is seen that (a) the ratio TDT/IRT is 58 and 14 times respectively; 
thus, for both modes, pulse width x=TDT is significantiy longer tiian TRT; and (b) at the 
end of TDT, the heated area is significantiy larger than tiie damaged target Thus, 
bepa^se of the spatial separation of highly pigmented areas and tiie target areas, the 
above technique differs from tiie classical case of selective photothermolysis in that the 
target is damaged not because of direct heating by absorption of EMR^ but because of 
heat diffusion from the heater to tiie target Fig. 5c is a cross-section through an 
illTistrative hair shaft illustrating the relation of tiie profiles of Figs. 5a, 5b to tiie targeted 
hair foUicle. In Fig. 5c, 26 is tiie hair shaft, 28 the inner root sheath, 3 0 the outer root 
sheath and 32 the location of stem cells (see also Fig. 1). 

Heat diffiision strength depends on the geometry of the heater arid the target 
Three basic geometry exarnples^ namely planes, cylinders and spheres (Fig. 4a-4c), are 
used to illustrate this. In aU cases, a heater of size di is assigned, located in the center of 
a target of size 42. A geometrical fector yalue x= d2/di is also defined. As above, Ti is 
the ma x i mum temperature of the pigmented area, and T2 is the damage temperature of 
the target (Ti>T2). The tiiermal damage time of the target is: 
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TDT=TRTxr(x^) 

Here r(x^) is a function of the geometrical &ctor and a temperature factor A, v^ere 
A=Cr2- To)/(Ti- To). To is the temperature of the target and heater before irradiation. 
Normally To is body temperature (ST^'Q. Figures 6a-6c show the ratio r(x^>=TDT/rRT 
5 as function of the geometrical factor x for two heating modes, Ihe *Siectanpi1^r EMR 
pnlse" and the **rectangular temperature pulse". Fig. 6a being for a plane target (Fig, 4a), 
Fig. 6b for a cylindrical target OPig. 4b) and Fig. 6c being for a spherical target (Fig. 4c). 
Parameters for the calculations were Ti==100**C, T^=70*'C and T(>=36.6°C, resulting in 
A=0.52. Note that the ratio r(x,A) is not dependent on the size of the target or the thermal 
10 properties of the tissue. Several important conclusions follow from Figures 6a-6c: 

1) The ratio TDT/TRT increases as the geometrical fectorx is increase 

2) The value of this ratio is very different for plane, cylindrical and spherical 
targets. For plane targets, TDT is oidy a few times greater than the TRT, bnt for th^ 
same geometrical &ctor x, it is several dozen times greater than TDT for cylindrical and 

15 spherical targets. 

3) For the same TDT/rRT,tiie size ofthe damaged area is smallest for a 
spherical target, iiext larger for a cylindrical target, and largest for a plane ta^ These 
results are to be e9q>ected because heat difKision from plane, cylindrical and spherical 
targets is one, two and three dimensional respectively. The temperature profile is sharper 

20 and better localized for spherical heaters than for cylindrical heaters, and for cylindrical 
heaters it is sharper than for plane heaters. For the classical case of selective 
photothermolysis, the geometry of the target is not important because thermal damage 
takes place in the same area as the absorption of the EMR; however, it is inq>ortant in the 
present case because, as a result of heat difiEusion, thermal damage takes place in a 

25 differerit area than the absorption of EMR. 

4) The ratio TDT/TRT depends highly on the heating mode. The rectengular 
EMR pulse mode (Fig. 3 a, 4b) represents a more gradual heating mode because the 
tenqjeratureofthe heater reaches the roaximumTi at the end ofthe pulse (Fig. 4b). 
Ratio TDT/TRT is maximum for this mode. The rectangular temperature pulse mode 

30 (Fig. 3b, 4a) represents amore aggressive heating mode because the maximum 

temperature ofthe heater is foimddiiriiig the crrtire EMR jralse. The ratio TDT/TRT is 
minimum for rectangular temperature pnlse mode. This mode requires a special sh^>e 
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for the EMR pulse with a high peak power at the begimiing, and felling for the rest of the 
pulse (Fig. 3c) to maintain heat difEusion from the hea^ 

power should be adjusted precisely to keep the temperature of the heater below its 
coll^se teii5)erature, Timax (Fig. 3d), The power depends on the absorption coefficient 
5 of the heater, its size, and the attenuation of the EMR in the intervening tissue. 

The ratio TDT/TRT also depends on the temperature fector A=(T2-To) /(Ti-To). 
Fig. 7, vMch shows tiie influence of the mflYiTm nri temperature of the heater Ti for a 
cylindrical target, compares two cases having Ti=100°C(A=0.53) and 
Ti=200'*C(A==0:20). TDTTTRT is close to one when the temperature of the heater is very 

10 high (for example 200°C). In biplogical tissue, such high temperatures can be expected 
with chromophores like carbon or melanin in the hair shaft 

Where the EMR pulse is square, with its amplitude and duration chosen to heat 
the heater just below Ti and the target to Tz, the three basic geometries of the terget are 
used, the part with high absorption is located at the center of the target, di is the size of 

15 the healer and <fc is the total size ofthe target, and it is assumed that ^ 

target surrounding the heater should be damaged by heating to above T2, TDT of the 
targets and mput power density P and fluence F for rectangular EMR pulse follows from 
t hermal diffimon theory and are givmi by formulas in Table 1 : 



Table 1 



N 


Quantity 


Notation 


Approximate expression for a particular target geometry; 




[Dimen- 
sionahtyl 






Planar 


Cylindrical 


Spherical 


1 


Thermal 
relaxation 


[s] 




r- = — J — 


_ d^ 
24- Jt 


time of the 
heater 


" 16 rk 


2 


Thermal 
relaxation 


TRT 
Is] 




J 2 


TET^—^ — = 


thne of the 
target 


S-Jt 


16-Jt 


24'Jfc 
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Theimal 



time 



TDT 



TDT = 



TRT 



1.8«x-«/(x) 



TDT = 



TRT 



fD-0.3-A^ 



D = 0.6+ 



TDT' 



OS' 



TRTlC 1- 
D-A>0 



4 



Input 
powei' 



depsity 



P 

[W/cm^ 



" ^aS TRT 



l + 2.1»x*^ 1 



T — r 



1 + 



„ p^c 0.3 •x^ 
//gr TRT 
T — T 



1- 



V TXT 



Input 



fluence 



F 



F«PTDT 



F-PTDT 



F-PTDT 



The notations and the basic paramefters of the problem are explained in Table 2: 

Table2 



Variable 


Dimensionality 


Name 


Assumptions and relations 


K 




Themnal dmusivity 


Assumed to be the same ali over the target 


P 


Gcm-^ 


Density 


Assumed to be the same ali over tf»e target 


C 


J/(9"K) 


Spedfio heat 


Assumed to be the same ali over the target 


M. 


cm' 


Tissue absoiption coetficient 


Assumed to be zero outside the heater 


Q 


a.u. 


The ratio of radiance to the input 
power density 




di 


Cm 


Thickness or diameter of the 
heater 






Cm 


Thickness or diameter of the 
target 


d^>dx 




Cm 


Mean spacing tsetMreen of the 
target 


dz>d2 


To 


"C 


Initial temperature of tx>th the 
target and the surrounding tissue 


To=3T»C 




-c 


Temperature of heatar 
absorption loss, collapse 
temperature 


Timax=100^C-250"C 


Tt 


°c 


Maximum temperature of the 
heater (absorber) 




Ta 


"c 


Temperature of ineversible 
damage of the tissue 


r2«7o-c 


A 


a.u. 


Temperature factor, temperature 
ratio 




X 




Geometrical factor, diameter 
ratio 


xmd^/di > 1 
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Fig. 6a-6c shows dependence of TDT on X. The conditions for the calculation of 
this figure are: Ti^^lOO^'C (boiling tenq>erature of water), T:r=70*'C (temperature of 
denaturation of protein for dwell tune 0.1-ls) and x^l to 4. 

The value of the TDT can be xq> to 4 times loiiger than the 
5 120 times for cyliiiidrical, and 500 tunes for spherical targets. Typical parameters of 
treatment for hair follicle and qiider veins givCTi by the formulas are provided iii tables 3 
and4. 



Table 3. Optimum pulsewidth for hair-foUicle treatment 



Hair type/ 
diameter 


mxof 

hair 

shaft, ms 


TEOLof 
hair 

follicle, ms 


Hahing hair shaft growdi 


Pemian^ hair-follicle 
destruction 


TRTof 
hair 

matrix, ms 


TDT of p^illa blood 
vessel, ms 


TDT of stem cell, ms 


Rectangular 
temperature 
pulse 


Rectangular 
light pulse 


Rectangular 
temperature 
pulse 


Rectangular 
light pulse 


Fine/30ji 


0:6 


5.4 


<03 


0.5 


1.5 


30 


115 


Medium 
coarse/70 


3 


27 


<2 


2.7 


8.5 


170 


610 


Large 

coarsc/llOy. 


9.6 


87 


<5 


8 


21 


510 


1800 



10 Table 4. Qptimmn pulsewidth for treatment of spider veins 



Diameter 
of vein, 

mm 


Wall 

thickness, 

mm 


TRTof 
blood 
volume, ms 


TRTof 
yein,ms 


IIJT of vein and flnence F 


X=577nm 


Xr=800 or 1060nm 


Rectangular 
temperature 
pulse 


Rectangula 
r light 
pulse 


Rectangular 
t^nperature 
pulse 


Rectangular light 
pulse 


TDT, 
ms 


F, 


TDT, 
ms 


F. 


TDT, 
ms 


F, 


TDT, 
ms 


F. ^ 


0,1 


0.035 


0.5 


5 


40 


10 


130 


20 


40 


590 


140 


1090 


005 


0.08 


4 


35 


150 


6 


515 


15 


150 


335 


610 


615 


0.5 


0.12 


35 


135 


215 


4 


740 


6 


215 


115 


1200 


200 


1 


0.15 


260 


540 


240 


4 


670 


5 


240 


50 


2400 


90 



Treatnients for which the teachings of this invention are particularly adapted 
include wrinkle, hair and vascular lesion removal. 

For wrinkle removal, since collagen provides the dermis with its basic structural 
integrity, it is generally believed that the removal of wrinkles in hinnan slrin can be 
accomplished by restructuring the dermal collagen. It is further mderstood that the 
process of collagen destruction, as well as collagen production, can be mediated by 
heating the collagen-containing portions of the dermis. This process of collagen 
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de^raction and collagea formation takes place over a raflber broad temperature range 

C-e., roughly 45-70 d^rees Celsius). Increased collagen formation can also occur as a 

result of heating collagen/fibrocytes \vithin the papillary dennis to a sublethal 

temperature above normal body temperature, this eflfecting/inaceasnig fibrocyte 

metabolism. Furfliermore, it is desirable that this lethal or sublethal heating take place 

primarily in the p^illaiy dermis, the portion of the dermis closest to Has detmal- 

epidennal (D-E) junction. Accordmgly, this treatment is targeted at the vqjper portion of 

the de rmis , from ^proximately 100 microns to ^proximately 1mm below the upper 

surface of the epidramis, and may be particularly targeted to the iqjpw portion of this 

region. It should be noted tiiat the process of wrinkle removal described above does not 

require the removal of tiie epidermis, usually referred to as "skin resurfedng", and is 

fherrfore less traumatic and more desirable as a cosmetic procedure. However, cvea in 

skin resurfecing, collagen restiucturing is thought to be tiie fundamental process leading 

to a desirable wriokle free result 

To heat the p^illaiy dennis to the reqmred temperature range, tiie melanin layer 

located at the D-E junction may serve as the chromophore for light absorption in the 

wavelength range approximately 400-1 500 nm. While melanin is nonnallyqptimaUy 

absorbed in a wavelength band from approximately 500 mn to 1300 nm; this wavelength 

range is extended due to the added skin protection afforded Ihe epidermis by the extra 
long pulse. 

Ushag the discussion above as to tiic utility of usmg light pulses having long 
durations, preferably greater than 100 ms, to obtain tnnviTmitY^ protection of the 
epidermis through parallel cooling, this wrinkle removal tedmique preferably requires 
pulse durations from 100 ms to 1 second or more. Depending on the skm type and otiier 
fectors, times outside these ranges might also be employed. Through a combination of 
long pulse illumination of the dennis and contact cooling, an optimum temperature 
profile is produced in the pqnllaiy dennis for the restructuring of collagen, and 
accordingly wrinkle removal. Figure 8 shows Ihe calculated temperature distribution for 
a cooled surfece (10 degrees Celshis) and a laser pulse duration of one second at rou^y 
150 J/cm^. Wifli this curve, collagen remodeling extends about 200 microns into the 
papillary dermis, vMOi should be sufficient for wrinkle removaL The target region of 
the p^jillary dennis mentioned above is shown to be in the range of 50-70 degrees 
Celsius. 
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An ^3(planation as to the peak of lie heat^ 
in both Figs. 8 and 9 with increased pulse duration is as follows: Without cooling, a 
temperature distribution having its peak at the D-E junction (approx. 100 nucrons deep) 
is established. This distribution extends iQ)ward to ward tiie skin sm:^ 
5 into tiie dermis. With paraUel cooling, heat is preferentiaUy transferred to ^fe^ 

surface, depressing flie portion of the heat distcibution^ Since 
the portion of the curve toward the denois is not controlled as strongly by the sur&ce 
cooling, if at all, and is largely mediated by the vasculature in the dermis, the i>ortion of 
the heating curve iil tiie dermis is not as changed (reduced) as is the portion closest to the 

10 surfece of the skin. Fig. 9 illustrates this ejBfect reasonably well at lower power (i.e., 50 
J/cm^) which may be suitable for sorhe applications such as hair removal. Fig, 8 
illustrates the effect using three times the fluence, a regunen more suitable for wrinkle 
reraoval. This treatment may be concentrated in areas containing substantial wrinkles to 
further protect against sHn damage. 

15 An alternative technique for utilizing the teachings of this invention for wrinkle 

removal is to utilize a source operating in a vravelengfh band preferentially absorbed by 
water, for example a range of 0.95 micrometCTs to 1.9 micrometers and 2.1 to 2.4 
micrometers, and otherwise irradiating and cooling as indicated above. Radiation in the 
wavelength band indicated, while preferentially absorbed by water, are not so strongly 

20 absorbed that they^ cannot migrate at least several millmieters into the papillary dermis, 
heating water in the tissues of the p^illary dermis sirEficiently to raise the temi)erature of 
collagen in this area, resulting as indicated previously in the restructuring of such 
collagen. 

There are a number of ways in which the teachings of this 
25 utilized for hair removal. Li particular, in practicing the teachings of this invention, 

melanin in the hair shaft may function as a cliromophore as well as melanin in the lower 
portions of the follicle near/in die matrix and near the p^illa. Each baiT follicle has stem 
cells 32 which are, as shown in Figs. 1 and 5c, at the outer side of the outer root sheath 
30inanareaatadepthofapproxiinately 0.5 to 1.5 rom from the skin sur&ce. Thisis 
30 sonietimes referred to as the bulge area of the foUicle. Since the st^is cells in general do 
not contain a chromophore, these stem cells can usually be heated and destroyed only by 
heating chromophores adjacent thereto, and pmoitting heat fiom such chromophores to 
be transferred to the stem cells. The most convenient naturally-occurring chromophore 
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adjacent to Stem cells is Ihe melanin in the To destroy the stem cells, 

the hair shaft must be irradiated for a sufficient period of time for heat j&om the hair shaft 
to be transferred to the stem cells. For permanent hair-follicle damage, in accordance 
T?vi£h current knowledge, it is necessaiy to damage stem cells that are located in the bulge 
5 area at the interface oftheoiiter root sheath and the connect Onecan 
also irreversibly damage a hair follicle at the level of the dermis by replacing it with 
connective tissue aiid blocked growth ofiiew hair bulb. It is unportant that the hair shaft 
or other heater being, utilized not be destroyed during fliis entire period (lo., that the haur 
shaft or other heatm - i,e., melanin in fte matrix - does not become so hot that it 

10 becomes deriatured and ceases to fmction as a chromophoie). However, charring or 
cafboni2ing of the hair shaft or other heater is acceptable since this does not reduce 
absoiplion, and may in feet increase absoiptioiL Further, smce water vapor can interfere 
with the transfer of heat ftom the hair shaft or other heater to the stem cells or other 
target, it is desirable that the temperature of the tissue be kept below proximately 100- 

15 110**C,thetenq)eratureat\^chforniationofwater v^)orn^ Thus,thepeak 
power of the optical radiation applied to the hair shaft/heater for this application should 
be low enough so that the hair shaft/heater does not heat to above approximately 1 00**C 
by Hict end of the treatment, and the heatmg diould last for a time sufficient for the heat 
ftom the hair shaft/heater to be transferred to the outer sheath of the follicle \?rfiere the 

20 stCTOi cells are located and/or other propriate target As is discussed later, this time will 
vary somew^ with the size ofthe hah: shaft and foUicle. Where ^e appKed radiation is 
at a wavelength selectively absorbed by fet, the sebaceous gland, vMch primarily 
cx>ntains fet or hpid, and vs^ch is also located at tiie depth of the bulge, may also 
function as a chromophore for the stem cells, either in addition to or ro^ 

25 chromophores discussed herein. With proper focusing, it may also be possible using 
wavelengths pareviously discussed to target water in the stem cells and/or tissue 
surrounding the stem cells and/or in/surrounding other appropriate target 

While the melanin in the hair shaft (and possibly in the stem cells for type IV 
patients), the lipid in the sebaceous gland and water in tissue surrounding the hair shaft 

30 (and possibly in the stem cells) are the t>nly naturally-occurrmg diromophores adjacent 
to or in stem cells, it is also possible to introduce an artificial chromophore into this 
regionforpinposesofdestroyingthe stem cells- Thus, a dye could be ^lied to the hair 
shaf^ vMch dye migrates down the hair shaft at least to the level of the bulge, or an 
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artificial chromophore such as carbon particles or magnetic particles of a selected optical 
quality can be applied to the skin and either naturally migrate into ttie follicle region or 
be forced into the follicle region using various techniques known ia the art It is also 
possible to epilke the hair shaft Wore flying the cl^ 
5 migration into the follicle region. With any of these techniques, the optical source woidd 
still be a relatively low peak power source of a wavelength ^ropriate for the 
chromophores bemg utiliTsed, and would be applied for at least a sufficient duration so as 
to permit the heating ojf the chromophores to a temperature sufficient to damage or 
destroy the stem ceHs and/or other appropriate target, and for the he^ 
10 chromophores to be transferred to the stem cells. Preferably, the chromophores are 
heated to temperature to prevent chromophore destruction and ablation (for example 
100*'C-300**C depending on the chromophore), or slightly above, so that with thermal 
losses as the heat migrates to the stem cells, the stem ceUs will stiU be hea 
approxmiately 65°C-70^C, as required for their destruction. It is also preferable that 
15 temperatures above 65**-70**C not reach much beyond tiie stem cells so as to avoid 

pronounced dermal damage. This is generally not a problem for regions of low density 
hair, but can be a problem for high'density hair regions, where there can be accumulation 
of heat from adjacent folKcles in deniial regioiis therebetweeii. 

More specificaUy, siace heat flux vwU leak out of the target, 
20 be larger than the target This iucreases the risk of overheating the^tissue surrounding the 
target and thus the risk of nonselective damage. Very roughly, theifiuence to produce 
nonselective bulk tissue damage Fns is (ds/da)" times greater than the fluence required to 
produce selective damage Fs, \diere d2 and da are tiie target size and distance between 
centers of the targets, and n is 1, 2 or 3 for planar, cylindrical and ^herical targets, 
25 respectively. As a first approximation, Fns/Fs is proportional to the ratio of target 

volume and tissue bulk volume and independent of pulsewidth, the risk of nonselective 
damage increasing in the following ord^ spherical, cylindrical and planar targets. 

More precisely, for the ideal model of cylindrical targets with equal spacing (Fig. 
12), Figs. 13a, 13b show the dependence of TDT, Fs and Fns on density factory = d3/d2 
30 for a rectangular temperature pulse. As seenfromFigs. 13a, 13b, TDT and Fs decrease 
in y beginning withy = 5. This ejEFect is explained by the influence of heat fluxes fix>m 
neighboring targets. But at the same time, the ratio F^s/Fs starts dropping at y = 5. So 
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fory < 5 the range of safe flueaces is going to be very narrow and the risk of 
nonselective damage will increase. 

More specifically, hair follicle healing to achieve permanent liajr removal is 
usually accomplished through ligjit absorption by hair shaft melanin, mftlanin near the 
5 follicle matrix and/or artificial dye. This dye coxdd be J5>plied to the hair shaft and/or 
folKcle or in the space creiated by epilation of the hair shaft. The feature of the proposed 
method is that melanin or artificial dye heating continues until a certain thermal dose or 
tenqperature is reached and lasts as long as necessary for a protein denaturation zone (or 
thermal lesion) to e^ctend to the outer sheath border \^ere stem cells are located and/or to 

10 another ^jpropriate target The therinal history and spatial profile of the temperature are 
primarily defined by two conditions. First, ligiht absorption by the melanin or artificial 
dye, >^ch should not decrease ^ypreciably with heating. This means that there should 
be no drastic change such as melting or ev^oration of the hair shaft or artificial dye, or 
photo-bleacbing of tiie melanin or artificial dye, since this would cause follicle heating to 

15 stop or become ineffective. Second, the hair shaft or artificial dye and outer root sheath 
must not be heat-insulated from each other by, for example water vapor created by 
boiling of tissue water. The first condition is met if hair shaft temperature is not over 
one of the following: (a) 220-250**C, (b) a traiperature of artificial dye photo-bleaching, 
(c) the temperature of dye evaporation. This latter temperature depends on the dye type. 

20 Tlie second condition is satisfied if the hair shaft or artificial dye temperature does not 
exceed the tissue boiling temperature, ytMdh is about 100-1 lO^C. The method thus 
requires that the temperature of the chromophores (melanin or artificial dye) be low 
enough to preverit its bleaching during Ugiht heating of a hair follicle. This temperature 
is preferably below the water boilmg temperature (^.e., Tc or T™r=100-110**C). To 

25 niaintain the temperature ofthechromophore at or below Tixiax, it is necessary to 

transport heat from the chromophore to the surrounding tissues Qxmer root sheath and 
outer root sheath) while adding heat to the chromophore. The power needed to ensure 
tiie heat prodiiction above, P(t), dcperids on the diameter of the ha^ The formula 
for determining P(t) qypears in Table 1 for a rectangular pulse: The dependence of xo 

30 on flie diameter of the hair shaft is demonstrated in Figs lOa-lOc. For areas having 
widely si)aced hair, the dependence is described by formula (3), wifli to being 
^>proxiniately in tile range 15ms --5s (Fig. 10a), In tihe case of dense hair, because of 
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the cumulative heat productipn by the hairs, tq is less than 40Qms (see Fig 10c). The 
above procedure of hair shaft heating ensures the total destruction of stem cells 
independent of the stage of hair growth. If hair is in the aimgen stage and melanin is 
used for absorption^ then stem cell damage is accompanied by matrix cell damage, since 
5 the melanin concentration and its absorption coefficient in the matrix is higher than that 
in the hair shaft. In this case, the noatrix temperature exceeds Tmax- ThroxigtL higher 
pxilse duration, the stn^Lctures of hair folU^ All these factors 

lead to a disriq>tion of hair growth, and increased potential for permanent damage of the 
hair follicle, and thus permanent hair removal. 

10 Another importairt effect is in the breakdown of the mechanical lx)n 

hair shaft and the dermis wben thermal damage of the outer root sheath cell occurs. 
Owing to hair shaft temperature limitation during a treatment, the hair shaft remains 
intact and could be easily removed. Thus, the maintained hair shaft provides an 
objective criterion for hair follicle destruction; this criterion consists of mechanical 

15 removal of the hair shaft by gently pulling it out The hair shaft can be removed with all 
or part of the folUcle stracture, incliiding stem cells. This ca^ 

mechanism of permanent hair removal. The hair shaft can be welded to the inner root 
sheath either with or \yithout si5)port of biological solder injected in the gap between hair 
shaft and iim^er root sheath. 
20 A procedure for defining the parameters of the light treatment for this method 

might tibcus be: 

1 . Finding diameter d and absorption coefficient pa for a typical hair shaft. Both d and 
jia can be found by ttie use of standard methods. For example some hair (for 
statistical purposes) are mechanically removed and a diameter d is measured by 

25 meaiis of a divider, and absorption jia at the wavelength (wavelengths) is me 
by use of a spectrometer. The above wavelengths are those of ^e light source 
ajjplied for hair removal. Both parameters can be defined by use of a contact 
microscope equipped with CCD-camera. If an artificial dye is used, Ha is defined 
based on tiie concentration Ibereof 

30 2. Setting Timax and following formulas in Table 1 to calculate the input flux. 
3. Defining optimum pulse duratipn according to formula (3). For dense hair, a 
duration no more than 600 ms is chosen according to Fig. 10c. 
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4. Choosizig type of skin according to standard methods, for example by measurement 
of reflection coef&cient of skin for different wavelengths. 

5. Using the skin type and the pulse duration for the selected wavelength to find the 
accepted maxiTnum flux and fluence (see Fig. 11). 

5 6. Caioosing the flux for treatment ias the smaUest value of (^^ 

condition of keqnng epidermis intact (see Fig. 9) and (b) fihe flux providing hair 
heating to temperature Timax (see Eq. 1). 

The above procedure may be carried out by applying the optical radiation locally 
or in apattem with or withoutparallel cooling to achieve a spatial and temporal 
10 teQq>erature profile and thermal dose m^, which may include using a conq)omid 

sequence of intetrupted pulsatile irradiations, or a quasi-continuous irradiation scheme, 
whereby the position^ of the light source is scanned or patterned over the area to be 
treated. 

An alternative procedure would be to' choose a test sample before treatmenl 

15 While hair shaving is not done, medianical cutting is possible so long as the remaining 
length of the hair is sufficient to remove it 

Once minimum flux and pulse duration are chosen and the treatment is performed 
on the test sample, one can check if it is possible to pull the hair out with TniTiiTnal force 
and lhat there has been no epidermal damage. Ifthe hair does not come out and fee 

20 epidermis stays intac^ the pulse duration is increased by, for exan^le 50-1 OOms, and the 
steps are performed again, ranging up to a TriaY iTmim pulse duration of about 5s. Then 
tbe flux is augmented aiid the treatment procedure is dupUcated wit^ 
from minimum to maximimi. If certain values of the flux and pulse duration result in the 
hair coniing out under geiifle pulling ^wdiilette stay s intact after the treatment, 

25 then these parameters are suitable oi>erational parameters for bair removal. Ifacertain 
value of flxDC and piilse duration result in damage of the epidermis but the hair pulls out 
with a great effort, then it may not be possible to remove h^j r firom the skin of this 
Xmtient by use of the invention. Experimental results achieved strongly suggest that it 
should be possible to treat all patients utilizing the teachings of this inventioTL 

30 While for, an individual hair shaft and hair follicle, the most qypropriato set of 

exposure parameters can be chosen, as indicated above, the heterogenicity of hairs and 
hair follicles for a patierrt have to be considered in designing the most ^jpropriate 
treatment of tiiat patient Different hair and hair folUcles with similar properties can be 
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grouped together. The more specific the differentiation of tte 

^propriately each groiq) can be treated. In general, division into a few groxip will allow 
treatment close to optimal treatment parameters. By applying multiple EMR pulses to 
the same area, each pulse's parameters optimized for a certain subset of hair follicles, 
5 allows more complete hair removal. These multiple pulses coiild either be applied in a 
short time interval over a single treatment or delivered during different treatment 
sessions. This technique effectively thins the hairs in the area, eliminating for example 
thinner hair first, thereby roitigating interaction problems kide^ Thisis 
because destructionr of thinner hairs can occur before the TRT for the thicker hairs is 
10 reached. 

A special mode of treatment is the delivery of multiple pulses with increasing 
flux from pulse to pulse. In this treatment mode, the thermal destniction o^ 
chromophores is intentional and can be described as "optical fuse". The calculations 
above demonstrate tiiat with increasing flux, the threshold for hair shaft ablation is 

15 shifted to hairs contaioing less chroniophore. If the outer root sheath cells are already 
destroyed by tiie preceding pulse, than the foUowiag pulse with a flux ato 
threshold for hair shaft ablation can remove the diromophore that is not needed anymore 
because this particidar hair follicle is already destroyed. By removing tiie chromophore 
with hicreased flux, the EMR will only be absorbed by the remaining hair shafts with 

20 less chromophore. These hair follicles need a higher flux: to generate sufScient 

temperature rise witiiin the hair follicle. The TrtaviTm wn flux of this train of pulses is 
linuted by the flux that is tolerated by the epiderrnis. This strategy of deKyering a train 
of pulses, each targeting a different subset of hair foUicles, and reduction in absorption of 
unnecessary EMR by removal of chromophores within already destroyed hair follicle is a 

25 novel treatment strategy. A higher ratio of daraaged h^^ ir follicles within a treatment area 
can be expected with less danger of thermal damage, even for relatively dense hair areas. 
This is substantially diffCTent from a train of pulses eadi with the siame flux and pulse 
duration, targeting the same subset of hair follicles. However, using parameters of EMR 
what are below the threshold of chromophore destruction will allow multiple treatment 

30 of a certain subset of hair follicles in order to get more complete destraction of fliis 
subset of hair follicles. 

The invention may also be used for the elimination of unsightiy vascular lesions 
such as leg veins. The strategy for eliminating leg veins using a laser or other EMR 
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source is based on stopping the blood flow by either coagulating the blood, causing an 
occlusion in the vessel, or by applying external contact pressure c^jable of interrupting 
or impeding the flow of blood in the vessel. The degree to ^ch this occlusion is 
necessary is determined by the irradiation parameters and the local tissue properties and 
depth of the treatment region. In the case of clot induction, it is preferable to 
substantially destroy the proxunal endothelium of the blood vessel wall, vM(^ will 
reduce the production of the growth fectors responsible for eliminating dots in the blood 
stream. Thus, to successfuUy treat the blood vessel, the inner lining of t^^ 
should be substantially destroyed; 

The treatment of offending blood vessels can be augmented by mechanical or 
acoustical means known to those skiUed in the art to achieve a reduction in blood flow or 
occlusion by pinching off the blood flow, or by coagulation of the blood, forming a 
blockage in the flow path. To ensure that enough hemoglobin and/or blood fluid 
chromophores remain near the treatment site, it is preferable to stop the flow of blood 
without ejecting the blood fiom the treatment region, such as might occur if a flat plate is 
pressed against the skin with sufficient pressure. For permanent sealing of the blood 
vessel, tissue welding may be induced, preferably upon heating the vessel to the degree 
of destroying the epithelial layer, and by applying external pressure to press the now 
exposed and heated collagen layers together, allowing them to form a tissue weld bond. 

Using the uiventive concept of heating chromophores, but not destroying the 
chromophores, a process can be performed v^cxcby the hemoglobin, water in the blood 
and/or the blood flxrid act as the chromophores, converting, the ^lied radiation light 
into heat As long as fhe chromophores used in the treatments (e.g. melanin, water, 
hemoglobm, blood fluid) have a higher threshold for photo-theimal damage fhm the 
tissues in the surrotmding treatment volume (e,g. stem ceUs, collagen, epithelial vessel 
walls) the concept presented herein can be applied to use bulk heating oiiginaling from 
the light-absorbing chromophores to treat the surrounding area, ttius defining a 
presciibed treatment volume outside of i?^di no i>emi^ even if 

the treatment times exceed the thermal relaxation time for the tissues in qi^^ While 
radiation used for blood coagulation has generally been m the 540 nm to 580 nm range in 
the prior art, less epidermal heating occurs at longer wavelengths, for example 810 nm 
available fiom a diode laser. By using a pulse duration ^di is longer that the thermal 
diffiasion time for the vessel, a tissue volume larger than the blood vessel is heal^ This 
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Ijulkheating of the blood vessel and suiFounding tissue results in tte unifomi destruction 
of tiie vessel endotheKum, decreasing groAvth fector and perhaps ensuring the permanent 
blockage, and therefore elimiaation, of the blood vessel. 

The basic idea of this application, the use of long pulse light sources having low 
5 peak power, suggests using non-laser devices to supply light energy for performing 
dermatological/cosmetic procedures. It appears tiiat concern as to, scarring with long 
pulse optical treatments, and in particular with pulses having a duration longer than the 
thermal relaxation time of the target component, may not be a serious restriction, since in 
early cliiucal studies; the pain threshold for the patient seems to be reached before any 

10 serious dennal damage occurs, which can lead to scarring. Therefore, so long as the 

treatment is terminated when the patient reports pain, the risk of scarring is very limited. 
This procedmre can permit safe pulse durations for a given source to be empirically 
detemained Fig. 1 1 shows one set of illustrative curves. Further, low power, long pulse 
treatments resiilt in the slow heating of tissue beyond the target component, \yhich is 

15 moderated by blood flow in the region to maintain tissue temperature in such a region 
below its damage threshold, even for very long pulses. 

Since the procedure of this invention does not destroy the chromophores, it can 
be e3q>ected that a weak light source, used over an extended period of time, will be 
effective in tissue modification/damage/destruction. This means that light sources from 

20 incandescent bulbs (home device) to halogen lamps (home device) to the sun are 

potential light sources for dermatologic/cosmetic procedures. Dyes which can act as 
surrogate chromophores in transforming light to heat energy, for example carbon or other 
black chromophores for a wide spectrum light source, and/or known frequency Rln'fKTig 
or filtering techniques can be used for selected procedures, as required. 

25 While in the discussion above, the target has generally been damaged or 

destroyed by being heated to a t^nperature weU above normal body temperature, it is 
also possible to achieve selective target damage or other therapeutic effect by heating the 
target to a temperature only several degrees above body temperature for a prolonged 
period to achieve localized hyperthermia. Such heating naaybe achieved by either direct 

30 heating of a target containing a suitable chromophore or by indirect heating of the target 
by heat diffusion from an absorbing chromophore, as described above. Pulse duz^ons 
of more than 20 seconds might be appropriate for this type of treatment, and exposure or 
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tpeabnent times substantially greater, perhaps even in the range of minutes to hours, may 
be necessary in some instances. 

For example, postfebrile temporary alopecia (Le., hair loss at elevated 
temperature, for example vsdien a patient has a high fever), is a well-known phenomenon* 
The critical fever tem5)erature that can cause temporary hair lo^ is approximately 39*=*C. 
This indicates a suscqptibiUty of hair fomcle cells to hypert^ While heating the 

entire body nonselectively in order to achieve hair removal may not be practical and 
could cause unwanted side effects, a treatment procedure v/bem temperature in a range of 
afew degrees above body tenqieralure are achieved close to the hair follicles in order to 
cause hair loss is an option. In order to achieve hair loss with these relatively low 
temperature increases, exposure in the range of minutes to houis is probably necessary. 
This would result in the tenrperature distribution within fbc tissue being close to a steady 
state profile/ The low peak power/long pulse duration teachings of this invention can be 
used to calculate appropriate power and pulse duration for achieving hyperthemiia 
treatments. However, with prolonged exposure, the body performs compensating 
mechanisms, like increased blood flow and sweatmg, which have to be considered to 
calculate appropriate parameters. It therefore may be more accurate to enq)iracally 
determine ^ropriate parameters usiiig for example feedback mechanisnis. For 
example, the onset of pain or the monitoring of skin temperature either at or close to the 
skin surfece might be utilized to control power and duration with this regimen. 

A hyperthennia regimen may also be employed by introducing an artificial 
chromophore into the middle part of the hair shaft, a very low power EMR source being 
utilized in Ihis case in combination with very long e3q)osu^ HypCTlhemna-^^ 
treatment might also be utilized for skm resurfedng with melanm in fiie epidermis being 
used to induce hyperthennia of the p^illary dermis. 

Long pulse heating of a hair shaft or hair follicle can also enhance adjuvant 
therapies, for example PDP or other photo-excited prpcesses for hair removaL The 
increased temperature in the long pulse regimen can enhance susceptibility to 
photochemical induced damage. 

It is also known that certainbiological tissue responses are triggered by a 
proloiiged esqposure of tissue to elevated hca^ and that some of these biological 
responses riiay enhance the susceptibihty of the tissue to furfhtt Thus, 
heat exposure during an initial treatment can result in perifollicular edema vMch 
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de<:r«sesperifomcul.roapilla^bloodflow. ™3x«iuc«,fteren>ovd„fiea,d„eto 

tissuexesponsesmay also occur. 

mvent.™ are by no me=m Iteuted to a. fi.M of dennatology and ri^ be 

|^v3^uslye„^„3^i„«b«EMlt4=«pie.Por«aaM^^a,egto^ 
be usefe. fo. ophthahnic diseases ^.oh a. ..^ 

mustbe^e-c^edtoacUevefl^n^ezesutemaedesi^dareaoftoeyew^^ 
ca^-smg damage to adjacent areas s,»h as a» opdc nerve. I^^ ea^ 

tobeactaeved^ercducingd^dangerofbandnessinfl^eyeifannndesu^^^ 
accidentally momentarily irradiated. 

A«ach«lasanErfdbhtoftisap,Hcaa«.isanunpnblish«IaraeIe.4econtonte 

Of which are not to be printed. 

Whfle the invention has been discussed above Witt respect to preferred 
^»*nen«^i. is ^ tta. these embodiments are 

andtt^vanat-onsthen^onwiiibeapparenttoonessBUedinthe 

^fl^sprntand scope of dre invention, wbichistobedeflnedodlybyfl^appended 
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CLAIMS 

1. A metliod for performing a medical procedure by flying dectromagnetic 
radiadon (EMR) to a treatment area of a padeat^s body vduch may contain at least one 
chromophore, such radiation being of at least one wavelength absorbed by said 
5 chromophore, having a power projQle with an average power (Pa) and peak power (Pp), 
(Pp ) being insuf&cient to cause a change jn the at least one chromophore which results 
in significant loss of absorption, and having a duration long enough for sufficient energy 
for the procedure to be ^>plied at said power profile to the treatment area. 

10 2. A melhod as claimed in claim l,\^dierein said target area has a theintia^ 
time (TRT), and herein said duration is greater than said TRT. 

3. A method as claimed in claim 2»\^dierein said din^tion is substantiaUy^g^ 
than the TRT. 

15 

4. A method as claimed in claim 1, wherein said peak power is less than 500 watts. 

5. A method as claimed in claim 1, herein said EMR is continuous wave, and 
wherein peak power and average power for said radiation over said duration are rougihly 

20 the same. 

6. A method as claimed in claim 1 , '^ere said chromophore is heated to a 
temperature \^^ch is no more than approximately 1 lO^C so as to avoid vaporization of 
tissue. 

25 

7. A method as claimed in claim 1, A?^erein said procedure is hair removal, wherein 
said chromophore is melanin of a hair shaft in a hair follicle, and wherein said duration is 
sufficient for sufficient heat from said hair shaft to reach an outer root sheath of said 
follicle to danoage stem cells located thereat 

30 

8. Amethodas claimed in claim 1, herein said procedure is hair removal, lA^erein 
said chromophore includes a heater in at least one follicle located in said target area, and 
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11. -A. method as claimed in claim 1 xxtI^o^^- 

co™wi*i^„^«.^^^ ^^^^^ 
<J™mgiiradiation. m the epidermis 



12. 
aiea 
in 



A method as claimed in claim 1 incliiHmcr,-o« 1 • 
13. ^aratusforperfoimingamedicalmocediimnno*^ 

power CP,X (P„) N.. in^eien.rca^^':^™^^^ 
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14. Appaxatus as claimed in claim 13, ^;^^e^ein said target areahas a the rmal 
rdaxatioa time (TRT), and wherein said duration is greater than said TRT. 

5 15. Apparatus as claimed in claim 14, wherein said duration is subst^^ 
thantheTRT. 

16. Apparatus as claimed in claim 13, wherein said peak power is less than 500 
watts. - ' 

10 

17. Apparatus as claimed in claim 13, v^erein saidEMR is continuous wave, and 
wherein peak power and average power for said radiation over said duration are roughly 
the same. 

15 18. Apparatus as claimed in claim 13, v^CTcin said chromophore is heated to 

temperature vMch is no more than ^5proximately 1 lO'^C so as to avoid v^orization of 
tissue. 

19. Apparatus as claimed in claim 13, wherein said procedure is hair removal, 

20 wherein said chromophore is a hair shaft in a hair follicle, and herein said duration is 
sufficient for sufficient heat from said hair shaft to readi an outer root sheafli of said 
follicle to damage stem cells located theareaL 

20. Apparatus as claimed in claim 13, \rfierein said procedure is hair removal, 

25 herein said chromophore includes a heater in at least one follicle located in said target 
area, and wherein said power profile and duration are sufficient to at least damage at 
least one critical element of the follicle. 

21. Apparatus as claimed in dahn 13, 'herein said procedure is wrinkle removal, 

30 \dierein said chromophore is melanin at liie DE junction, and \^erein said power profile 
and duration are sufficient to heat collagen in Ihe pf^rillary demiis sufficiently to 
restructure such collagen. 



10 
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22. Apparatus as claimed in claim 13, ^^ereinsaid^^ ^ 

vascuIarIesions,^ereinsaidc*n,mop.o.isbIoodinLvas^l^^ - 

saidd.ra.onis sufficiently longeratsaidpo^p^^ejrt^^^ 
ofthelesionforbulkheatingoftfaelesion. ^ «^ «^nnal diffiasion tme 

23 /^I^--t>--claimedinclaiml3,vdx^3aid>^^^^ 

melamnmthepatient'sepidennis.includingatthedenn^^^^ , 
absoxpt.onmep.dermal melanin canmign^ to the sldnsurfe^ 



24. Apparatus as claimed in claim oi. 
concuirent^vithapplicationofEMRtosaidtreatmentarea. 



25. ^ParatusasclaimedincIaimlBincludingadetectorfor^fi ^ 
Ie«oneofEMRpow«p„,ffleaodd«ai„x. ««=«orferoonta,ltog,t 

2S. Apparatus as claimed in daim 13 waiemin 

pow^Iaser source. "''^^'^ ■Consource is a low peak 

27^ ^™-'^i°claimI3,„,,e,ei„saidradiaa„„sou.^ 

power non-coherent Kgfat source. «» a low peaJc 

2f j;^"««-««>-rfon.io«amedicaIproced™,o^ 

:r.^rr;ro.^j-:r--^r" 
-^^d..^po.o.o.d.,.j,ose:::rc:rir"^ 
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29. Amethod as diaimed in claim 28 wherein said duration is significantly greater 
tbanTRT. 

5 30. ArnedlodasclairQedinclaim28,\^;^lereinsaid1argeta^eallas ath 

time (TUT) vMch is the time required at said power proJBle for said entire target area to 
reach athemial destruction temperature; and v^^erem the duration of said radiation is 
substantially equal to said TDT, 

10 31, A method as claimed in claim 30, wherein said duration (t) for the EMR^ 

(TDT-8), vAisrc 5 is roughly the propagation time for heat from the heater portion to a 
non-heater portion of the target furthest from the heater. 

32. Amethod as clahned in claim30, wherein lDT = mT*r(x, A), 
15 geometrical fector and A is a temperature fector. 

33. A method as claimed in claim 32, wherein x =^ d^/di where di = size of heater 
jwrtion and dz siK* of total target, and i;\*ierein A = CTz - To)/(Ti - To) where To is 
target/heater temperature before nradiation, Ti is the heater temperature and T2 is the 

20 temperature at which irreversible thermal damage of the target area generally occurs. 

34. A method as claimed in claim 30, A?^eiran said target is a hair folhcl^^ 
heater portion mclndes a pigmented hair shaft in said follicle, TDT bemg the time 
required for heat to the thermal destruction temperature to readi an outer sheath of the 

25 follicle. 

35. A method as claimed in claim 30, \^*lerein said target is a blood vessel, said 
heater portion mclndmg blood m tiie vessel, and TDT being the tuM 

the thennal destruction temperature to reach throu^ walls of the blood vessel in atarget 
30 area. 

36. A method as claimed in claim 3 0, \'^*iexem said target is collagen in tiie patient 
papillary demris, said heater portion befajg melanin at the deimal-epidCTnal(DE^ 



e 



20 



WOOl/54606 

PCT/USOl/02511 



-43- 

jimctioii, aiKi TDT being the time reqim^d for 
.oxeachade.i,«i4>thinsaidpapl^ 

37. ^-^asclaimedinclainx30,whcreinsaidpowerp^^^^ 
5 ^entoetargetareaisalatempeiatureofatWt».*.A ,^ sum tdat at TDT, 

BMR ftoxn to at lea^ file h«er portion of teg« area; aod co,*^ ^ 

^..ea^^ecf^d.^^^^,^^^;^--^- 

proffl.sufflc.eatov^saidd„n«ion«>acco,^Hsh^drnedicalpro.«tee. 



15 



25 



said target area IS substantiaUy equal to said TDT. PP^eato 

ftom*.h , *^ "*^''*^'""""^*epropaga.iontimeforheat 

^heaterporfo^toar^-t^po^^^,^.^,^^^^- 



30 



42. ''W^«ctoedii.e]aim40,«teeinTOr-TRT.rfx.A^»h..,,- 
g«»=«calfict„randAiaa.«npera«rrefictor. ' ^ v^ere x a 



WO01/S46M 



i 

PCT/DS0iy02511 



-44- 

43. Apparatus as claimed in claim 42, \^^CTeinx-dy^^ 

portion and = size of total target, and >;^erein A (T2 - To)/(Ti - To) where To is 
target/healer temperature before irradiation, Ti is the heater temperature and T2 is the 
tctDgperature at which irreversible thermal damage of the target area generally occurs. 

5 

44. Apparatus as claimed in claim 39, including a mechanism operative at least 
i^nriTig plication of EMR to said target area w*ich cools the patient' s skm in an area 
over said target area. 

10 45. A ineftiod for performing a medical procedxire on a target area of a pati^^ ) 
body, said target area including a highly absorbent healer portion, the method inclnding 
applying eleclromagnetic radiation EMR to at least the heater portion of said target area 
of at least one wavelength highly absorbed by said heater portion, havhag a power profile 
heats said heater portion to a temperature T which is greater than a thermal 

15 damage temperature for at least a portion oflfae target area to be damaged, b^ 

collq>se tenq>erature at which said heater portion undergoes a change ^ch results in 
significant loss of absorption at said at least one wavelength, and having a dumtion 
sufacaent with said power profile to accomplish said medical pioc^ 

20 46, A mefbod as claimed in claim 45, \^4Lerein said target has alberinaldain^ 

(TDT) vMdti is the time required for said entire target to reach said thermal destmction 
temperature at said power profile, and wdierem said duration is substantially equal to 
TDT. 

25 47. A method as claimed in claim 45, \s*iereni at said coll£5)se temperature, said 
heater portion imdergoes a phase transition causing at least one of bleadiing, melting, 
boiling, bubble formation and other destructive process. 

48. A method as claimed in claim 45, wberem said heater portion is a naturally 
30 occurring chromophore in the patient' s bo^. 

49. A mefliod as claimed in claim 45 , T?Aerem said heater portion is at least in part an 
artifidal chromophore introduced to said target a3cea. 
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2 -*"»«^-'=Wm=dincIaim45.«^«^«,i^^^^;^^^ 

v3scularlea.om, and «h«dn .aid daraflon is 0.5 ms to 20 sec. 

10 52. A method as claimed in claim 45 whp«M« j- , 

, ^ . ^^^'^^^ said medical procedure is coUagen 

remodeling and wherein said duration is 100 ms to 20 sec. 

53. 



Ameau,dasolaimedi.cIaim45incI„di^.e^ 

l»a.mgp„r..<^offte.arge.area&r^ch.rcataemis„«c^ 

55^ ^«=a°''-'>=to=diaoIaim45«h«einsaidpov«.p„>meissuc^ 
ten,=rah« Of sa.d heater is sabstaaMy oonstaM for said dwaBon. , 

56. A method as claimed in claim 4S -j 

, ; "^^^^^^^^ said power profile and duration are 

^^^tesu«i..,pe«.e.^i.^,^_,_^^^^^ 

naagnetac mdiahon (EMR) of at least one wavelength highly absorbed bv 
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heatex portion, an s^jplicator flying said radiation to at least the heater portion of said 
taiget area, and controls for at least one of said soxirce and said applicator to cause said 
EMR £5)pHed to the target area to Imve an power proffle\'sM said healer to a 

temperature T which is greater than a thermal damage tenqierature for at least a portion 
5 of the target to be damaged, but less than a collapse temperature at which said heater 
portion undergoes a diange vMch results m significant loss of absorption at said at least 
one wavelengfli, and of a duration sufficient with said powra profile to acconcqplish said 
dermatology procedure, 

10 58, Apparatus as claimed in claim 57, wherein said target has a thermal damage time 
(TDT) vAdch is reqmredfor said entire target to reach said thermal destruction 
temperature at said power profile, and \^*Lerein said duration is substantially equal to 
TDT. 

15 59, Apparatus as claimed in claim 57, \^4i^:ein said EMR sour^ 
radiation source. 

60. Apparatus as claimed in claim 57, v^erein said powCT profile is such the 
temperature of said heater is substantially constant for said duratioEL 

20 

61. A mediod for performing a medical procedure on a target area of a patient's 
body, said target area including at least one absoibent heater portion and at least one non- 
heater portion having weak absorption to no absorption, said at least one non-heater 
portion being spaced to varying degrees ftom said at least one heater portion, the na 

25 including applying electromagnetic radiation (EMR) to at least heater portions of said 
target area of at least one wavelength hi^y absorbed by said heater portions, having a 
power profile TAduch heats said heater portions to a temperature T which is greater than a 
thermal damage tenq)erature for the portions of the target area to be damaged, but less 
than the collapse temperature at \^ch said heater portions undergo a change vs^ch 

30 results in significant loss of absorption at said at least one wavelength, and of a duration 
sufficient with said energy profile to permit the heating of substantially all of said target 
area fiom said heater portions to a ten5)erature sufficient to accomplish said medical 
procedure. 
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said target area. "^'^-lui 

»aperto=bei»gfaadiatedbysaidEMR.e.chof^dareasbc^ ^ 
voters of s«d,3,ge.a,^bemgspaced,^adi^d^and,*=reinfl.^^ 

epidemus during irradiation, 
least during said duration. 

««. ^^&ii«*nningamedicalproo«i«r.^«^ ^ 

of aec*x>mag5eac radiation (EMR) of a wavelengft 

proo^.re..aidwaveIe^betogabsorbedbymeta^ina„paae=.-sepid«nu^ 
-.udn^ a. .he dcn^iae^ia (DE) j^ncao.. an appUc^ 

^a^of*epati««.a^.a„,^,,„,3.^_„^^-^^'' 

^^<^>can»saidEMR.obeas^«l^apowe.p,offleandadura«on.o 
^n.«.oa,p.o«d^and^..a.suc.fl>a.^ge.^^ 

*aon*onn.cp,d^n«toincan.nig«tetothealda™S«:eandbc,^^ 
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67. Apparatus as claimed in claim 66, '\^erein. said source is a source of optical 

5 68. Apparatus as claimed in claim 66, inclx^ 

smd skin sur&ce at least diiring said EMR duration, facilitating tiie removal of heat 
theredBrom. 

69. A mediod for performing a medical procedure on a target area of a pati^' s 
10 body, said target area including a highly absorbent heater portion, the method including 
^srplying electromagnetic radiation (EMR) to at least the heater portion of said target area 
of at least one wavelength highly absorbed by said heater portion, having a power profile 
which heats saidheat portion to a temperature T, said applying step havii^ a duration 
sufficient with said power profile to accomplish said medical procedure, and said power 
15 profile resulting in the temperature T of said heater bemg substantially constant during 

70« A method as claimed in claim 69, herein said power profile results in optical 
power decreasing substantially oqponeDtially duriug said duratioiL 

ao 

71, Apparatus for performing a medical procedure on a target area of a patient's 
body, said target area including a highly absorbent heater portion, including: 

a source of electromagnetic radiation (EMK) of at least one wavelength highly 
absorbed by said heater portion, an ^yplicator applying said radiation to at least tiie 
25 heater portion of said target area, and controls for at least one of said source and said 
applicator to cause said EMR applied to the target area to have an power profile ^s^ch 
heats said heater to a temi>erature T, said EMR having a duration suf&cient with said 
X>ower profile to accomplish said medical procedure, and said power profile res^^ 
the temperature T of said heater being substantially constant during said durations. 

30 

.72. An £^aratus as claimed in claim 71 , wherein said power profile results in optical 
power decreasmg substantially exponentially diTrins said duration. 
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